Abstract. . Both musculoskeletal pain and harmful stress have adverse health effects on production operators if they are not properly monitored or managed. However, the mechanism behind the association between these two variables is unclear especially when causal inference could not be deduced from majority of studies. Thus, there is a need for a better understanding of musculoskeletal pain and perceived stress among production workers in order to improve their health and safe working conditions. This is especially critical since majority of manufacturing companies in Malaysia are still labour intensive and any adverse effects of employees' health could impact the organizational performance. Therefore, the objective of this study is to determine the current prevalence of perceived stress and musculoskeletal pain among production workers and the possible linkage between perceived stress and musculoskeletal pain. A cross-sectional survey involving 400 shop-floor manufacturing workers was done using Cornell Musculoskeletal Discomfort Questionnaires (CMDQ) and Perceived Stress Questionnaires (PSQ). Data were analysed using hierarchal regressions. It is found that stress significantly affects MSDs albeit very weak (R 2 = 0.048) after controlling for gender and age. Neck, lower back and lower legs (Right and Left) were reported to have high prevalence of MSDs compared to other parts of the body (M=2.96, SD= 1.342; M=2.72, SD=1.441; M(R)= 2.6, SD=1.418; M(L)=2.63, SD=1.415).
Introduction
Malaysia's Social Security Organization (SOCSO) statistics from year 1995 to 2009 has shown an exponential increase of cases in musculoskeletal disease from 5 cases (1995) to 161 cases in 2009 [1] . This trend continues as Borneo Post online reported that in 2010, there are 238 cases, followed by 268 cases in 2011 and 449 cases in 2012 [2] . Tan Sri Lee Lam claimed that such increase could be attributable to industrialization, aging workforce and lack of safety work practices at workplace [3] . Musculoskeletal diseases include injuries and illnesses that affect the human body's movement such as muscles, tendons, ligaments, nerves, discs, blood vessels, and many more. It is caused by ergonomics risk factors which include excessive force, repetition of movement or simply poor posture while working or risk factors which include poor work practices, poor fitness and poor health.
In similar vein, almost 70 percent of employees in Malaysia is claimed to experience escalated level of stress-related sickness [4] [5] . Failure to be adaptive to stress has ominous consequences for both individuals and organizations [6] [7] . Individual who are unable to cope with the stress are incline to suffer psychological related illnesses such as depression, schizophrenia and anxiety disorders. Excessive stress not only undermines individual performance but could spill onto the organizational productivity and competitiveness. Studies have shown that MSDs and stress not only has an impact on productivity, but also on job satisfaction [8] , [9] , and other organizational outcomes. In a nutshell, stressful and unhealthy employees tend to have low workplace presence which leads to low productivity and commitment to work.
Medical literatures considered stress and an important factor in the onset and maintenance of widespread musculoskeletal pain (see for example [10] ). McFarland [10] , in particular, claimed that stress-musculoskeletal pain linkage could be either explained through neurophysiological, psychophysiological, cognitive-behavioural or geneticbehavioural mechanisms. The neurophysiological mechanism explains how pain causes stress response in the interconnected nervous system, endocrine system and immune system (e.g. [11] ) while psychophysiological highlights the impact of emotion and stress on pain (e.g. [12] . Cognitive-behavioural, on the other hand, emphasizes the roles of appraisals of danger, coping ability and choice of behaviour as causes of pain (e.g. [13] ). Finally, genetic-behavioural regards each individual as having different threshold of pain and stress tolerance due to their genetics makeups (e.g. [14] ).
As evidence from above-mentioned discussion, the stress-musculoskeletal pain linkage might have reciprocal causality rather than one-way cause and effect relationship. Inconsistent empirical evidence, which are mostly cross sectional in nature, limits our understanding and has led to much debates. . Moreover, since majority of these studies have been focusing on office employees [15] , [16] , farmers [17] , laborer [18] , medical staff [20] - [22] , a study on manufacturing employees in developing country like Malaysia is warranted.. Das [17] further claimed that since both stress and MSDs are the two most common causes of work-related illnesses, there is a growing interest in their association, both in terms of common risk factors and the extent to which both are inter-related. Therefore, this study aimed to determine the current prevalence of perceived stress and musculoskeletal pain among production operators of manufacturing companies in Malaysia. The stress-musculoskeletal pain associations are also examined based on the psychophysiological mechanism. Specifically, we hypothesize the increase level of stress would increase musculoskeletal pain. Age and gender would be control variables in this study as the literatures have found that both variables could affect both musculoskeletal pain and stress [23] - [25] .
Hans Seyle [30] , the father of stress research, documented how stress affect the body in his 'General Adaptation Syndrome' (GAS) model. GAS consisted three phases called alarm reaction (Phase 1), resistance (Phase 2) and exhaustion (Phase 3). The alarm reactions activates physiological stress responses once the individual feel threatened. At this phase, individual's energy level and effectiveness is low due to the initial shocks. During the resistance phase, biochemical, psychological and behavioural mechanisms are activated to boost individual's ability to cope with the threat. If the cause of stress is not being eliminated or removed, the exhaustion phase commences where the immune system would deplete its ability to defend the system and individual is more likely to get sick. In the context of MCDs, muscles inevitably tense up in a reflect reaction against stressors and prolonged exposure to stress would cause the muscles to be in the prolonged state of guardedness. This will trigger illnesses such as headaches, migraine and muscle tensions in the area of shoulder, neck and head.
Schleifer [30] proposed hyperventilation theory of job stress where hyperventilation caused excessive loss of CO2 which in return increases the blood acidity level. This imbalance acidity level triggers a chain of systemic physiological reactions such as muscle tension and muscle spasm.
Several studies have shown empirical supports on the psychophysiological mechanisms of stress-musculoskeletal pain associations succinctly described by Seyle and Scheleifer. For example, Gonzales [25] found that stress is significantly related to MSDs across four companies being studies. Lin [15] further claim that despite women having higher prevalence of MSDs, encountering difficult customers is regarded as very stressful event that lead to increased risks of MSDs. Zakerian [16] added that work factors such as job demand, negative social interaction and computer-related problems contributed to stress which in turn, increased MSDs among computer users at university's office. Cheng [31] did a large scale study involving 26-25 years old Taiwanese and found that higher level of stress increased multiple health problems such as MSDs even after controlling for age and education.
Methods
This cross-sectional survey research included production operators working in eleven medium-sized manufacturing companies in the state of Johor, Malaysia. The selection of companies and their respective employees were done based on their agreement to participate. No personal data was recorded to maintain confidentiality and privacy. The data were collected in October and November 2016.
Procedure
Four hundred and twenty production operators participated in this study. The survey was collected face-to-face since to ensure that data were recorded correctly. However, ninetysix responses were excluded due to incomplete data as these respondents were unwilling to answer some questions.
Male respondents were slightly higher at 56.2% compared to female (43.8%) with the majority of respondents aged between 23 to 27 years old (31.2%) followed by those aged 28-32 years old (21.9%). It could be concluded that more than 90% of the respondents aged below 42 years old. Majority of respondents (79.6%) had worked more than 2 years. In terms of types of production tasks, 45.4% worked in packaging, 28.4% worked in quality assurance while 13% handled machines as shown in Table 1 
Measures
Cornell Musculoskeletal Discomfort Questionnaires was used to measure the musculoskeletal pain [32] . The questionnaires include hand assessment and total body assessment. Perceived Stress Questionnaires (PSQ) by Cohen was used to measure stress [33] . There were 10 items in the questionnaires with the scale being modified from 1-5 rather 0-4. Both measurements had accepted reliabilities of more than 0.7 which are considered as acceptable [34] .
Analysis
Both descriptive and hierarchical multiple regressions were used to analyse the data via the use of IBM SPSS Version 20.0. Descriptive analysis includes the tabulation of frequency, mean and SD. Prior to performing the hierarchical multiple regressions, assumptions such as linearity, multivariate normality, multi collinearity and homoscedasticity were examined. Upon satisfying all these assumptions, hierarchical multiple regressions were performed. Table 2 shows the frequency, mean, and standard deviation (SD) of musculoskeletal pain in terms of the frequency in the last work week. As evident from the Table 2 , neck, lower back and lower legs (both left and right) have the highest frequency and mean of discomfort. Right hand is observed to have higher frequency of discomforts. This might imply that majority of respondent are right-handed. The prevalence areas of discomforts are consistent with previous studies such as [21] [35] [36] . Table 3 shows the levels of discomfort. Highest frequency of 'Very Uncomfortable' was recorded for all these three areas. Similarly, Table 4 shows similar trend whereby all discomforts in all these three areas were reported to interfere with the respondents' abilities to perform their jobs. Table 5 shows the hierarchical regression analysis on the effect of stress on MSDs. In the first model, age and gender were regressed against MSDs as control variables. The model is significant albeit very weak at R 2 =0.02. In the second model, stress was regressed together and it is found that stress had significant role in prediction of MSDs. However, in terms of R 2 , the value is still small at 4.8%. Whether this value has practical significance certainly could be debated. 
Results

Discussions
The results clearly indicate neck, lower back and lower legs scored highly in terms of frequency of discomforts, extent of discomforts and level of discomforts' interference with the abilities to perform the jobs. The prevalence of MSDs at these areas might indicate the poor ergonomics working conditions of manual labour in participating companies. Furthermore, all of these respondents are not stationary while working, and might be involved in frequent lifting task that significantly impacted low back pain [35] . Da Costa and Vieira [37] claimed that heavy physical work, awkward postures, lifting and whole body vibration Lower legs discomforts might imply excessive standing of prolonged hours. Interestingly, neck pain is also a common discomfort in this study as being reported in studies of other types of occupations [36] . According to Matsudaira [38] , neck and shoulder discomfort or katakori in Japanese is common among Japanese adults and might lead to somatization. The regression result indicates that stress is an important consideration to reduce MSDs but the practical significance in this study is very small despite majority of respondents reported moderate level of stress (76.9%). Contrary to previous studies that highlight the significant moderate effect of stress on MSDs, this study indicates the presence of other risk factors. Moreover, since this study control for age and gender while others usually investigate direct relationship, this result is expected. Therefore, further replication of this study with inclusion of other risk factors might be needed.
Conclusions
Production operators experienced musculoskeletal discomforts at neck, lower back and lower legs. This is consistent with the nature of the production activities which are still largely manual and repetitive. Majority of them experienced moderate level of stress with 6.5% experience high level of stress. There is a significant but very weak association between stress and MSDs when gender and age were controlled.
